Renal cell carcinoma (RCC) is a tumor that usually metastasizes to lung, liver, bone and brain, but rarely to skeletal muscles. We report a case of an elderly man with a history of bilateral metachronous RCC for which he underwent curative bilateral nephrectomies and renal transplantation, was in remission, and presented with a large solitary skeletal muscle metastasis from the initial RCC, 3 years later.
Introduction
Renal cell carcinoma is the most common cancer of the kidney and accounts for about 3% of all adult malignancies in the United States [1] . Its incidence in our country is relatively high, reaching 4.3 cases per 100,000 population in men and 1.7 cases per 100,000 population in women [2] . It is known to metastasize to lung, liver, bone and brain, but very rarely to skeletal muscles. Surov et al. [3] found that 2.3% of patients with RCC develop, or are found at presentation, to have skeletal muscle metastasis.
We report a case of solitary metastatic RCC deposited into a skeletal muscle, which occurred 3 years after curative nephrectomy, with review of literature.
Case report
The patient is a 74-year-old man, known to have hypertension, coronary artery disease, diabetes mellitus and atrial fibrillation with prior left pelvic renal transplantation for renal failure. Post transplantation, the patient was maintained on daily cyclosporine, 100 mg orally in the morning and 75 mg orally in the evening, and prednisone 5 mg orally once daily. Thirteen years later, he presented with painless hematuria of 5 months duration and was found to have a renal mass on ultrasound and CT scan located at the upper pole of the left native kidney for which left nephrectomy was performed and revealed renal cell carcinoma on tissue diagnosis. One year later, right native nephrectomy was done after detecting another renal mass at the lower pole of the right kidney during regular CT follow-up. No chemotherapy was administered after both nephrectomies, since both metachronous renal cell carcinoma were localized. Three years later the patient presented with a large palpable posterior left leg mass. Ultrasound showed a 10.6 × 3.9 × 5.7 cm, slightly heterogeneous, hypoechoic mass in the posterolateral aspect of the left calf, located within the medial aspect of the soleus muscle (Fig. 1a) . It showed increased vascularity on power Doppler examination (Fig. 1b) . MR imaging (Fig. 2 ) of the left leg was then performed on 1.5 T magnet (Philips Ingenia, Eindhoven, The Netherlands) and showed a large 12 × 7.3 × 5.8 cm soft tissue lesion within the soleus muscle which had isointense signal on T1-weighted images (Fig. 2a) and appeared heterogeneous on T2-weighted images showing variable signals (Fig. 2b) . The mass was compressing the posterior tibial neurovascular bundle and displacing it anteriorly. Sagittal STIR images (Fig. 2c) showed similar signal to that seen on T2-weighted images along with peripheral prominent flow voids. The lesion showed areas of high signal intensity on diffusion-weighted images ( Fig. 2d ) and low signal intensity on ADC map (Fig. 2e ) consistent with impeded diffusion. The mean ADC value was 1.5 and the minimum ADC value was 1.1. Intravenous gadolinium was not administered due to the patient's kidney status. Ultrasound-guided biopsy was then performed and the pathology specimen showed evidence of tumors cells with positive staining on vimentin and cytokeratin markers, consistent with metastasis from renal cell carcinoma (Fig. 3) .
The patient later underwent a wide resection of the tumor with negative margins on pathology and had preserved function of his lower limb. No further treatment was provided.
Discussion
Muscle metastasis from solid tumors is rare. Lung cancer, renal cell carcinoma, gastrointestinal tumors and genital tumors were the most commonly reported primary malignancies metastasizing to the skeletal muscles [4] .
Renal cell carcinoma rarely metastasizes to skeletal muscle, seen in approximately 2.3% of cases [3] . Less than 100 cases have been reported in the literature. Damron et al. [5] reported that RCC metastases in soft tissues, including skeletal muscle, almost always present as a solitary mass after a variable period of time from the initial diagnosis of RCC. This makes the differentiation between this unusual skeletal metastasis and primary skeletal muscle tumor challenging. The different imaging modalities are not enough to make this distinction and eventually a tissue biopsy is needed to make a definitive diagnosis.
A painful mass is the most common presenting symptom of skeletal muscle metastasis. Primary soft tissue sarcoma typically presents as painless soft tissue mass, making pain a symptom highly suggestive of metastasis rather than primary soft tissue tumor [5] .
Surov et al. [6] studied the radiological appearance of muscle metastasis in a large series of 461 patients having variable primary tumors. The authors found five different CT patterns of muscle metastasis. Approximately half of the cases (46.5%) presented as round or oval masses with homogeneous contrast enhancement (type I). In this series, 38 patients with metastatic RCC were included and most of them show type I lesions. In the same series, MRI showed on T1W images 48.3% of these muscle metastases to be homogeneously isointense compared with unaffected muscle tissue. On T2W images, 81.6% of the metastases were hyperintense when compared to normal muscle. In our case, the mass had the same signal characteristics on T1-weighted, but is heterogeneous on T2-weighted images.
After intravenous administration of contrast medium, most lesions (87.2%) showed a heterogeneous enhancement.
On ultrasound, 97.5% were hypoechoic, as seen in our patient.
On PET/CT, muscle metastasis manifested as focal hypermetabolic lesion [6] .
Magnetic resonance imaging findings of skeletal muscle metastasis from renal cell carcinoma with diffusion sequence have rarely been described in the literature. Pirimoglu et al. [7] described in their case report the characteristics of multiple muscle metastases on magnetic resonance imaging in a man with renal cell carcinoma 4 years after right radical nephrectomy. These lesions had similar appearance to our presented case, except on T1-weighted images, where Pirimoglu et al. [7] reported low signal intensity.
The immunosuppressed status of our patient, related to cyclosporine and prednisone treatment for 13 years, might have played a major role in the development of bilateral metachronous renal cell carcinoma. In fact, Tremblay et al. [8] reported a high incidence of skin and genitourinary cancers in patients who developed malignancies following renal transplantation, and this, since the introduction of cyclosporine as part of new immunosuppression regimens. Agraharkar et al. [9] also reported a higher risk of malignancy in 1739 renal transplant patients receiving immunosuppressive drugs and observed a sevenfold increase in risk for RCC compared to the general population. In both studies, skeletal muscle metastases from RCC were not discussed.
On the other hand, Lim et al. [10] showed decreased risk of cancer in renal transplant patients receiving everolimus instead of cyclosporine, in particular the non-melanoma skin cancer. This emphasizes the need to consider switching from calcineurin inhibitors (cyclosporine) to sirolimus (everolimus) in this patient population, which might have benefited our patient.
Conclusion
We report a rare case of bilateral renal cell carcinoma with metastasis to skeletal muscle 3 years after curative nephrectomies. We describe the ultrasound and MR findings with histopathologic correlation and literature review. Late onset skeletal metastases should be always considered in patients with RCC, even after cure. We also discussed the development of RCC in relation with the immunosuppressed status of our patient, especially with the use of cyclosporine.
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